This article studies the conditional means of 9 commodity futures in China from Dec, 2006 to Jan, 2010 period and finds that they are significant, which indicating that risk transfers do occur in commodity futures markets between speculators and hedgers. The paper also finds that the conditional correlation falls in period of recession; namely, when market risk rises, which is good news to asset managers since it is precisely when market volatility is high that the benefits of diversification are most appreciated. On the other hand, the negative correlation between the Government 10 year bond and commodity futures Indices rises with the bond volatility, suggesting that, unlike stocks, a bond and commodity portfolio should be tilted more towards commodity futures in periods of high bond volatility. This paper is trying to find such interrelations in Chinese commodity futures Market, Stock Market and Bond Market during 2006-2010 period, utilizing the econometrical (GARCH, ARCH) models produced by Bollerslev (1986) and Engle (1982).
Introduction
As the latest alternative asset class in fashion, commodity futures have recently attracted a substantial amount of interest among asset managers. There are at least four reasons for this curiosity. First, because of their low correlation with other asset classes, commodity futures are excellent portfolio diversifiers (Jensen, Johnson, and Mercer, 2000) . Second, unlike stocks and bonds, commodity futures prices rise in inflationary periods, making them a good hedge against inflation (Bodie and Rosansky, 1983) . Third, as only the initial margin needs to be posted when the position is open, commodity futures can be collaterized, earning substantial interests, dividends, and/or capital gains on the mandate that is not used to margin the contracts. Fourth, commodity futures present characteristics (high liquidity, complete transparency, and low transaction costs) that may make them more attractive than alternative asset classes such as hedge funds. For these reasons, commodity futures could be used to enhance traditional portfolio strategies. Jensen, Johnson, and Mercer (2002) for example show that by tactically investing in (shorting) commodity futures in periods of rising (falling) interest rates, asset managers could enhance the performance of a portfolio of unmanaged commodity futures. Similarly Vrugt, Bauer, Molenaar, and Steenkamp (2004) successfully develop a timing strategy in commodity futures markets that is based on past information. On a less positive note, commodity futures generate a return that is slightly lower than that of equities for a risk that is slightly higher and thus offer risk return characteristics that make them undesirable as stand alone investments (Edwards and Park, 1996; Jensen, Johnson, and Mercer, 2000) Traditionally, commodity prices have been considered too volatile to play a significant role in investment strategy of any serious institutional investor. However, several studies argue that commodity prices may be an early indicator of the health of the economy because they are continually auctioned in standardized markets with efficient information (Marquis and Cunningham, 1990; Cody and Mills, 1991) . Nowadays many authors share the common hypothesis that commodity prices help explain the future trajectory of macroeconomic variables, including the inflation rate. While supply and demand forces should theoretically drive commodity prices, interest rates also play an important role in determining storage costs and, therefore, total commodity supply. High interest rates increase storage costs, making it more advantageous for suppliers to sell goods on the market rather then hold them in storage. Additionally, assets such as bonds become more attractive than commodity contracts. Therefore, rising interest rates should cause commodity prices to fall (Bond 1984 , Frankel 2006 and Hess 2008 .
Understanding if change in interest rate creates price volatility in commodity and stock markets is a crucial determinant of a causal nature between the two. Cointegration and vector autoregressions are useful forecasting tools but fall short of explaining causes of volatility. The GARCH model attempts to fill this void. In a typical ordinary least squares model the variance on the error term should be evenly distributed throughout the data. Many types of time series data do not have heteroskedastic errors, so allowing for heteroskedasticity did not appear necessary. However, a great deal of financial data contains heteroskedastic errors resulting from varying risks associated with differing time periods. Thus, "the expected value of the magnitude of error terms at some times is greater than at others" (Engle 2001). By analyzing heteroskedastic error terms, the GARCH model estimates causal factors in volatility. Therefore, the GARCH model has emerged as a primary tool to estimate causes of commodity price volatility. Hammoudeh and Yuan (2008) employ multiple variations of the GARCH model to examine the "characteristics of the volatility behavior of strategic [metal] commodities in the presence of positive interest rate shocks and changes in short term interest rates". They find that rising interest rates have a dulling effect on price volatility which suggests that monetary policy may be used to calm commodity markets. Besides, Hammoudeh and Yuan found that gold, and silver to some extent, are not sensitive to bad news making it a good hedge against crises, wars and high inflation -which was an extension on the earlier literature finding gold a sufficient hedge against inflation.
The principal argument for investing in commodities is that investing in assets that rise in price parallel to inflation provides a natural hedge against losses in equity and debt holdings which typically lose value during periods of unexpected inflation. Anticipated inflation, which results in high bond yields and high equity earnings growth, may result in positive real returns for stocks and bonds. But it is the unexpected inflation that should cause concern to every investor. In periods of unexpected inflation, market conditions may often lead to an increase in commodity prices, together with a weakness in stocks and bonds and thus provide a natural hedge against inflation (business cycles). (Jensen, G.R., Johnson, R.R., Mercer, J.M. (2002)) In the literature some authors differentiate between phases in the business cycle, and show that in a time of restrictive monetary policy commodities are actually able to provide portfolio return enhancement, whereas in a time of an expansive monetary policy it is more reasonable to "avoid" commodities and look for better investment alternatives. Gorton and Rouwenhorst (2005) contend that commodities and equities show different behaviors in business cycles. In the beginning of recession, stock prices usually drop but commodities prices do not drop significantly. At the end of recession, stock prices go up but commodities prices decrease.
In 2002, Jensen, Mercer, and Johnson examined the diversification benefits of adding commodity futures to a traditional portfolio that consists of US equities, foreign equities, corporate bonds, and Treasury bills from 1973 through to 1999. Consistent with previous evidence, they found that commodity futures substantially enhance portfolio performance for investors and that managed futures provide the greatest benefit. They show that the benefits of adding commodity futures accrue almost exclusively when the Federal Reserve is following a restrictive monetary policy which is a consequence of the inflationary environment. Overall, the findings indicate that investors should gauge monetary conditions to determine the optimal allocation of commodity futures within a portfolio, and whether a short or a long position should be established in a particular type of contract.
Theoretically, there are two reasons to expect why commodities should improve the risk adjusted return of the portfolio when combined with a financial-only portfolio. First, systematic positive returns should be expected from a passively constructed, long-only commodity basket on average. This is because commodity futures prices tend to be at a discount to spot prices in order to induce speculators to bear the price risk of commodity inventory holders. In other words, investors in commodity futures essentially earn a risk premium for bearing the volatile commodity price risk that inventory holders and producers wish to lay off. Thus, the positive returns from a commodity futures investment do not rely on a secular increase in spot commodity prices but rather rely on earning a risk premium over time. Second, the lack of correlation between commodities and financial assets reduces portfolio risk and hence improves the risk-adjusted return. This lack of correlation derives from each asset class' different response to inflation. Financial assets respond to inflation negatively while commodity investments respond positively. The idea is that companies and hence their stocks are more sensitive to an instability in relative prices than overall prices since relative prices determine their profits. The net result is that high commodity prices (or high input prices relative to sticky output prices) will lead to lower profits and therefore lower equity prices.
The growing use of commodities in institutional portfolios has raised the question whether commodities should be considered as a separate asset class such as stocks, bonds, international securities, real estate, etc in just starting formation Chinese market.
Commodities, or at least commodity groups, are homogeneous in China. All tradable commodities are subjected to the standardization convention and flexibly tradable. Although commodity groups in PRC show a relatively low correlation between each other, they show an even lower or rather negative correlation to other asset classes such as stocks and bonds commodities. Over RMB 1500bn have been invested in the Chinese commodity market (until 2010) and this tendency is rapidly growing. Data concerning commodities prices, index compositions and price driving factors are openly available, its presence, deepness is developing at a high pace. Liquidity requirements to Chinese commodity, stock, bond markets are also matured enough to satisfy institutional investors.
This article contributes to the literature on commodity futures in two ways. First it studies the conditional means of 9 commodity futures in China from 2006 to 2010 and find that they are significant, indicating that risk transfers do occur in commodity futures markets between speculators and hedgers. The second contribution of this paper is with regards the conditional correlations between commodity futures and traditional asset classes in periods of high equity and bond volatility. The paper finds that the conditional correlation falls in period of recession; namely, when market risk rises. On the other hand, the correlation between the Government 10 year bond and commodity futures rises with the bond volatility, suggesting that, unlike stocks, a bond and commodity portfolio should not be tilted more towards commodity futures in periods of high bond volatility.
The remainder of the paper is organized as follows. Section 2 presents the methodology. Section 3 introduces the data. Section 4 studies the conditional means of commodity futures and the link between conditional correlations and conditional volatilities. Finally section 5 concludes.
Methodology
The decision to tilt a portfolio's optimal asset allocation towards (or away from) commodity futures depends on the means and standard deviations of the asset classes and on the correlation between the different investment vehicles. An increase in the weights allocated to commodity futures may result from the commodity futures having i) higher returns, ii) lower volatility, and / or iii) lower correlations with the Shanghai Stock Index (SSI). To analyze the factors that may influence the optimal allocation in equity and commodity futures markets, a bivariate GARCH system (by Bollerslev, Engle, and Wooldridge, 1988 ) that models the conditional means, variances, and covariances is used: Within this framework, two hypotheses can be tested. The first test looks at the sign and significance of β 1 Z t−1 , the time varying risk premia in commodity futures. This simple test will give us an idea of the applicability, or lack thereof, of the normal backwardation and contango theories in commodity futures markets. Finding that β 1 Z t−1 is positive will lend support to the normal backwardation theory (Keynes, 1930; Miffre, 2000) and will suggest that a long position in commodity futures is optimal. In this case, the futures price rises over the life of the contract to entice speculators to take long positions. Speculators indeed require a positive risk premium to compensate them for the price risk short hedgers are not able to transfer to long hedgers at no cost. Finding however that β 1 Z t− 1 is negative will lend support to the contango theory (Hicks, 1939) and will suggest that a short position in commodity futures is optimal. In this case, the futures price falls as maturity approaches to compensate net short speculators for taking on the risk of price fluctuation long hedgers are unable to transfer to short hedgers at no cost. Finally finding that there is no risk premium in commodity futures markets (β 1 Z t−1 = 0) will lend support to the unbiased hypothesis. In this case, the futures price does not change as maturity approaches as hedgers transfer their risks to one another at no cost and thus are not willing to pay a risk premium to speculators.
The second test focuses on the relation between conditional correlations and conditional volatilities by simply regressing the former on the latter two as follows:
A finding that β S is positive will suggest that the conditional correlation rises with the volatility of the equity market and thus that the evidence from international stock markets can be extrapolated to the equity and commodity futures markets. A finding that β S is negative however will suggest that commodity futures behave in a way similar to bonds (Hunter and Simon, 2004 ) and thus could be considered as a useful tool for portfolio diversification in periods of recession.
To study the conditional correlation between commodity futures and bond prices, we modify equations (1a), (1c), and (1e) and (2) 
Data
The data comprises prices on the Shanghai Stock Index (SSI), a China 10 year government bond index, and 9 China commodity futures contracts, among which -6 agricultural commodities (corn, cotton, oats, soybean meal, soybean oil, soybeans, sugar), 2 metal commodities (copper and aluminum) and 1 energy commodity (heating oil). The dataset spans the period Dec, 2006 to Jan, 2010. To avoid weekend, thin trading, and expiration effects, the closing prices on the nearest maturity futures contract are used. Figure 1 plots the average annualized returns against the average annualized standard deviations. Since the risk return relationship in commodity futures markets does not conform to the CAPM (Bodie and Rosansky, 1983) , it is not surprising to see that assets with higher volatilities do not necessarily offer higher returns. For example, the futures contracts on copper and aluminum have both negative average returns and relatively high standard deviations. Computing the reward to risk ratios confirms that commodity futures are by and large poor stand-alone investments: Only sugar offers a close risk adjusted return to the Shanghai Stock Index (SSI) over the period considered. Corn, oats, and T-bond exhibit the worse performance.
Insert Table 1 Here
Empirical Results

Relationship between Commodity Futures and the Shanghai Stock Index (SSI)
Table 2 reports coefficient estimates for the mean equations and results of the normal backwardation tests. In spite of insignificant estimates on the lagged information variables, the results overwhelmingly support the hypothesis that the risk premia are significant and thus that risk transfers do occur in commodity futures markets. Contango is supported for 2 commodity futures which present negative and significant risk premia. Normal backwardation is supported for 1 commodity futures for which the risk premium is both positive and significant. Support for the hypothesis that the futures price is an unbiased estimate of the maturity spot price is weak (cotton, corn, sugar, soybeans). The size of the commodity futures risk premia is of interest too. The annualized risk premium in contango markets equals 39.2% on average. The annualized risk premium in markets with normal backwardation equals 36.3%. So it appears that the risk premia are significant both in statistical and economic terms, and follows approximately similar return prospective (which can ne explained by closely regulated commodity futures system in China).
Insert Table 2 Here Consistent with risk aversion, consumption smoothing, and asset pricing models, the market risk premium is positive and significant for all commodity futures (left hand side of Table 2 ). The average size of the equity risk premium is highly exceeded of 5.00%. Robust inferences on the relation between conditional correlation and volatilities can only be drawn within a well-specified model. To ensure that this condition is met, Table 3 reports the parameter estimates from the GARCH models. It is clear from this table that, irrespective of the commodity futures under consideration, the GARCH specification does capture the variation through time in the Shanghai Stock Index (SSI) variances, the futures variances, and the covariance between the Shanghai Stock Index (SSI) and the commodity futures. Note that the sum of the parameter estimates a S and b S is close to unity, as is the sum of a f, and b f suggesting strong persistence in variance. The covariance GARCH parameters S F a and S F b , which account for the conditional covariance between the Shanghai Stock Index (SSI) and futures returns, are positive and significant.
Insert Table 3 Here
With our well specified model at hand, we can now study the conditional correlation and volatilities and the impact that the latter may have on the former. The results are reported in Table 4 . By and large, conditional volatilities tend to be of the same magnitude as their unconditional counterparts (in Table 1 ). Without any exceptions, commodity futures in China exhibit smaller conditional risk than the Shanghai Stock Index (SSI), only heating oil has almost approached it (which can be explained by dependence of China on oil import and worlds oil market price). The correlation between the volatilities of the Shanghai Stock Index (SSI) and commodity futures is low (11.4 0% on average). That is, when the market experiences turbulence, commodities encounter less turmoil. The conditional reward to volatility ratios, measured as the annualized conditional mean (in Table 2 ) to the annualized conditional volatility (in Table 4 ), range from 0.63 for sugar to 0.4 for corn, with an average of 0.07, suggesting that many commodity futures should be bought.
Insert Table 4 Here
Let us now turn our attention to another risk measure -conditional correlation. The results are in the right hand side of Table 4 . The conditional correlations with the Shanghai Stock Index (SSI) reported in Table 4 are relatively high, with an average of 0.045 and a range of -2.7 (copper) to 3.28 (soybeans). Second, the conditional correlations are volatile too, with standard deviations ranging from 13.6% for copper to 24.5% for cotton. Third, regressions of the conditional correlations on a time trend reveal a fall in the conditional correlations over time. The t-statistics on the time trend is negative and significant for most of the commodities. This indicates that the segmentation between the Shanghai Stock Index (SSI) and the commodity futures markets is increasing over time. Summarizing the evidence thus far, while the conditional means of commodity futures is often times positive, the conditional volatilities in futures markets are larger than that of the Shanghai Stock Index (SSI). This suggests that the risk return trade off is worse than we once thought and that a long position in commodity futures is often times optimal. The conditional correlations between the Shanghai Stock Index (SSI) and commodity futures are small, mildly volatile, and decrease over time.
The paper also focuses on the following issue: Do the conditional correlations between commodity futures and the market rise in periods of market turbulence? The results are reported in Table 5 . The evidence strongly suggests that there is a significant relation between correlation and market risk. Approximately two thirds of the coefficients on β S in (2) are significantly negative at the 5% level. For most of our commodity futures, the conditional correlation falls in period of recession; namely, when market risk rises. This is good news to long investors in commodity futures: It is precisely when market volatility is high that the benefits of diversification are most appreciated.
Insert Table 5 Here Across the 9 futures, the average β S coefficient in equation (2) is 2.5%. This suggests that market risk has also an economic impact on conditional correlations. Namely, a 1% rise in market risk leads on average to a 2.5% rise in correlation. This ultimately indicates that the more volatile the market is, the more dynamic the optimal asset allocation of a hedge fund manager should be. Investors, by allocating higher portfolio weights to commodity futures during turbulent periods (different signs: 2.55264 and -4.00487), can benefit from the decrease in correlation and the enhanced risk reduction that ensues. The β S coefficients are particularly low for Soybean meal (-6.7) and Soybean Oil (-5.03 ). This indicates that these commodity futures are the best candidates for portfolio diversification in periods of recession. In the case of Soybean meal, its low β S is accompanied by a negative conditional correlation with and a comparative volatility to, the market, therefore enhancing its diversification properties even further and living up to its reputation as a good hedge in times of market stress. Note however that the explanatory power of the model is low for some of the commodities and the constant is often statistically significant, suggesting that the conditional volatilities may not be the only drivers of conditional correlations.
Relationship between Commodity Futures and 10 year government bond
Mostly positiveβ S coefficient above suggests that commodity futures are not similar to bonds (negatively correlated).
As such, we shall replicate part of our earlier study with the 10 year government bond, and examine its dynamics with commodity futures. Once again, the bivariate GARCH is well specified with coefficients within expectations. Table 6 presents the average of the conditional risk premium in commodity futures when government bonds are used as the alternative asset class (on the left hand side), along with results of the relationship between the conditional correlation and conditional volatilities (on the right hand side). On the contrary to the Shanghai Stock Index (SSI), here contango is supported for a majority of futures contracts. Equally to the market,β B in (4) is positive on the whole (6.7). That is, when bond volatility increases, the correlation between the bond and commodity futures rises (if we exclude soya bean oil). 100% of all commodity futures exhibit positive β B coefficients. Due to its negative association with the 10 year government bond, commodity futures, in general, would not increase the benefits of diversification in periods of high interest rate volatility.
Insert Table 6 Here With soybean oil, soybean meal and corn displaying the strongest co-movement with the 10 year government bond in this category copper (4.3), sugar (5.06), and heating oil (-2.99) seem better candidates for inclusion in a 10 year government bond portfolio in periods of high interest rate volatility. Stating it differently soybean oil, soybean meal and corn are best candidates for inclusion in a 10 year government bond portfolio in periods of high interest rate volatility once short sale of bonds will be introduced in China.
Conclusion
Commodity futures are considered as excellent portfolio diversifiers and an effective hedge against inflation. Still little is known of their conditional reward to risk ratios and of the way they co-vary with other asset classes over the business cycle. To fill in the gap, the estimation with the bivariate GARCH model has done and the following conclusions were drawn.
First, it is found that the conditional means of commodity futures are significant, indicating, in line with Keynes (1930) and Hicks (1939) , that risk transfers do occur in commodity futures markets between speculators and hedgers. The risk premium claimed by speculators for undertaking the risk hedgers want to get rid off is negative (positive) for almost half commodity futures, suggesting that a short (long) position in these commodities in Chinese market could enhance traditional portfolio strategies. Second, we find that the conditional correlation between commodity futures and the Shanghai Stock Index (SSI) rises in period of recession; namely, when market risk rises. This is good news to short asset managers since it is precisely when market volatility is high that the benefits of diversification are most appreciated. On the other hand, the negative correlation between the Treasury bond and commodity futures rises with the bond volatility, suggesting that, unlike stocks, a bond and commodity portfolio should not be tilted more towards commodity futures in periods of high bond volatility.
Bringing all the evidence together it appears that soya bean meal and heating oil futures have positive risk premia and decreasing correlations with the Shanghai Stock Index (SSI) in periods of high market volatility. As such they are the best candidates for inclusion in a well diversified portfolio of stocks and bonds. Other commodity futures offer positive risk premia but their higher correlations with traditional asset classes in periods of high volatility make them less welcomed as portfolio diversifiers. Finally, short positions should be taken in 4 commodities (corn, cotton, soya bean oil, soya beans). The information variables, Z t−1 follow from Fama and French (1989) and Chen (1991) , and are employed as predictors of business cycle one period ahead. These include the first lag in the Shanghai Stock Index (SSI) dividend yield, default spread, and the term structure of interest rates.
Management. (22
To capture any momentum or reversal in equity, bond, and futures returns, two additional information variables are considered: the first lag in the Shanghai Stock Index (SSI) or bond returns is used as an information variable in (1a) or (3a) and the first lag in the commodity futures returns is used as a predictor in (1b). 
